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ABSTRACT

The formation of an epithelial organ requires a set of organ-specific gene
programs that instruct parallel and successive developmental events. Still, it is
unclear what are the core regulatory programs and how such programs are timely
coordinated within the organ. We use mainly the Drosophila trachea (respiratory
system) as a model to understand epithelial organ development. The trachea is a
network of epithelial tubes, and its morphology is sensitive to mutations in genes
whose products participate in consecutive steps of branching morphogenesis and
tube size maturation. In paper I, we identified two gene functions required for
tracheal tube elongation. We show that tracheal cells, at a specific time in
development, acquire an ability to elongate that is mediated by a protein involved
in actin organization. A luminal matrix holds back this elongation, and temporal
expression of an anion channel appears required to modify the luminal matrix and
thereby permit a controlled extent of elongation. In paper II, we show that a
mucin-like protein is temporally expressed in the trachea and is required for tube
elongation. The protein also drives diameter expansion of the hindgut, where it
fills the growing lumen and appears to physically dilate the tube. The work
demonstrates that regulated expression of a single protein can model epithelial
tube diameter. In papers IIl and IV, we focused on the temporal regulation of
tracheal gene expression, and uncovered an important function for the mid-
embryonic ecdysone hormone pulse in progression of organ development. In paper
III, we analysed the mechanism of embryonic ecdysone signalling and found that
the hormone causes pan-embryonic activation of Ecdysone Receptor (EcR). EcR
acts tissue-autonomously together with Ultraspiracle to promote concurrent
progression of organ development. In paper IV, we show that ecdysone, via EcR
and a downstream cascade of gene regulators is needed to advance parallel
tracheal-specific gene programs. Together, the results reveal novel gene functions
during epithelial tube formation, and show that correct temporal unfolding of the
tracheal gene network relies on gene-regulatory input from an external cue in form
of a hormone pulse.
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